Calcium and phosphatidylserine stimulate the self-association of conventional protein kinase C isoforms.
Conflicting evidence exists as to whether "conventional" protein kinase C isoforms (cPKCs) function as monomers or oligomers. In this report, we demonstrate that purified cPKC isoforms can be rapidly cross-linked by the sulfhydryl-selective cross-linker bis(maleimido)hexane, but only in the presence of both Ca(2+) and phosphatidylserine; cross-linking was minimal in the presence of either of these activators alone. In addition, cross-linking of these cPKCs did not require Mg(2+) or ATP. Among the various phospholipids tested, phosphatidylserine was found to be the most effective in the promotion of cPKC self-association and for the stimulation of protein kinase activity toward the exogenous substrate histone. Phosphatidic acid and phosphatidylinositol were less effective in this regard, whereas phosphatidylcholine exhibited little ability to induce cPKC self-association or to stimulate kinase activity. An examination of the mechanism by which the cPKC isoforms self-associate in the presence of phospholipid/Ca(2+) revealed that this process occurred independently of phospholipid aggregation. Moreover, self-association was not inhibited by saturating the enzyme active site with a peptide substrate, suggesting that self-association is distinct from an enzyme-substrate interaction. Isoform-specific antibodies revealed that all cPKC isoforms (alpha, beta, and gamma) self-associate and that, in a mixture of cPKC isoforms, PKC-alpha forms primarily alpha-alpha homodimers. Besides cPKC interactions detected with purified enzyme, PKC-alpha also appeared capable of self-association in murine B82L fibroblasts that were treated with calcium ionophore, phorbol ester, or epidermal growth factor but not in untreated cells. Collectively, these data indicate that self-association occurs in parallel with cPKC activation, that self-association is not mediated by the substrate binding site, and, at least in the case of PKC-alpha, that the formation of isoform homodimers predominates.